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ABSTRACT 
 
 
 
 
 Efficient controls of industrial processes are of great importance. The 
industrial control performance has to be met with the desired optimum operation.  
However, the tuning process always becomes a challenging matter especially for 
Multiple-Input Multiple-Output (MIMO) system with two-time scale characteristic.  
This motivates the use of singularly perturbation method into the designs of 
Multivariable Proportional-Integral-Derivative (MPID) controller tuning. The 
singularly perturbation method based on Naidu and Jian Niu were considered and 
tested. It is observed that singularly perturbation system by Naidu method gives a 
good approximation at low, middle and high frequencies. Two MIMO systems with 
two-time scale characteristic, wastewater treatment plant and Newell and Lee 
evaporator were used as a test bed. Traditionally, the MPID controller tuning namely 
Davison, Penttinen-Koivo, Maciejowski and Combined are based on full order static 
matrix inverse model. In this work, the singularly perturbed MPID controller tuning 
methods were proposed based on the dynamic matric inverse to improve the tuning 
of the system. Furthermore, Particle Swarm Optimization has been applied in tuning 
the parameters for an optimum control performance. Comparing the closed loop 
performance and process interaction presented by the traditional MPID and 
singularly perturbed MPID controller methods, the latter method is able to improve 
the transient responses, provide low steady state error and reduce the process 
interaction. 
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ABSTRAK 
 
 
 
 
Kawalan yang berkesan memainkan peranan yang sangat penting di dalam 
sesebuah proses industri.  Prestasi kawalan bagi setiap industri hendaklah mencapai 
tahap operasi optimum yang diperlukan.  Walau bagaimanapun, proses penalaan 
sering menjadi satu perkara yang mencabar terutamanya apabila melibatkan sistem 
yang mempunyai pembolehubah yang Berbilang-Input Berbilang-Output (MIMO) 
dengan ciri skala dua-kali. Ini mendorong kepada penggunaan kaedah usikan 
bersendirian ke dalam strategi mereka bentuk pengawal penalaan Pembolehubah 
Pelbagai Terbitan Penting Seimbang (MPID). Kaedah usikan bersendirian 
berdasarkan Naidu dan Jian Niu telah diguna dan diuji. Adalah diperhatikan bahawa 
kaedah usikan bersendirian oleh Naidu menawarkan anggaran yang baik pada 
frekuensi yang rendah, sederhana dan tinggi. Dua sistem MIMO dengan ciri skala 
dua-kali, iaitu loji rawatan air kumbahan dan penyejat Newell dan Lee telah 
digunakan untuk ujikaji. Pengawal penalaan tradisional MPID, Davison, Penttinen-
Koivo, Maciejowski dan Combine adalah berdasarkan kepada model asal matrik 
statik songsang. Di sini, kaedah pengawal penalaan MPID usikan bersendirian 
berdasarkan matrik dinamik songsang telah dicadangkan bagi memperbaiki proses 
penalaan. Selain itu, Pengoptimuman Zarah Terkumpul telah diguna untuk 
mendapatkan parameter penalaan untuk kawalan yang optimum.  Berdasarkan 
perbandingan bagi prestasi gelung tertutup dan proses interaksi di antara MPID 
tradisional dan MPID usikan bersendirian, kaedah yang kedua dapat meningkatkan 
tindak balas sementara, memberikan ralat keadaan mantap yang rendah dan 
mengurangkan proses interaksi. 
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